INTRODUCTION
Investing in a low-carbon economy creates risks and opportunities. According to Frankhauser et al [1] , the most important benefit from climate and renewable energy policies is innovation, which demands technical change adapted to a new market structure. In addition, the quest for new technologies and processes increases the demand for skilled labor.
Employment generation driven by renewable energy promotion has been discussed, and is seen as a new driver for the deployment of clean energy technologies. This debate has been seen, for example, in the United States, as can be perceived in a speech given by President Barack Obama, on June 15, 2010: "As we recover from this recession, the transition to clean energy has the potential to grow our economy and create millions of jobs -but only if we accelerate that transition. Only if we seize the moment." [2] .
According to the United Nations Environmental Program (UNEP), green jobs are labour in various activities that contribute to preserving or restoring environmental quality, including jobs created in renewable energy technologies (RET) [3] . Most studies reveal that RET are more labor-intensive than fossil fuel-based power generation [4] [5] [6] . Hence, the substitution of RET for fossil fuels leads to a net positive effect on employment.
Global employment in the RET sector was above 2.3 million in 2006. Brazil is one of the most significant RET employers, with 500,000 jobs in the biomass sector, due to its large scale sugarcane ethanol industry. Globally, wind energy generated 300,000 jobs up to 2006, and it is expected that employment in this sector will reach 2.1 million in 2030 [3] .
Previous studies on employment have shown that manufacturing is responsible for the majority of direct employment in the wind power sector [6] [7] [8] [9] [10] , having a noticeable effect on employment rates. In addition, employment rates are indicators for the stage of the sector in a specific region and time, including the development stage of the technology and its national components manufacture. Thus, it cannot be applied to different contexts. Consequently, it is necessary to evaluate employment generation considering local conditions of the wind power industry and market.
Wind power is growing rapidly in Brazil. Projects contracted between 2009 and 2011 will add 6.7 GW of wind capacity to the power matrix, which will start generation by the end of 2016, raising total wind power capacity to 8.1 GW in 2016. This growth will result in a 450% increase in five years, compared to 1.5 GW installed in December 2011. The effects of this growth on employment generation have not been assessed so far.
This article aims to quantify the short run employment generation potential of the wind power sector in Brazil. First, a review of social and economic benefits of renewable energy at national and, especially, at regional and local levels, is presented. Then, a picture of the evolution and prospects for wind power in Brazil is given, followed by the methodology and assumptions used to evaluate job creation in the Brazilian wind power sector from 2012 to 2016. Finally, the results are described, and the article closes with a discussion of the main results.
SOCIAL AND ECONOMIC BENEFITS OF RENEWABLE ENERGY TECHNOLOGIES
Environmental benefits brought by RET have been widely assessed, as well as economic costs and its contribution to energy security. However, a thorough discussion of the socio-economic impacts of these technologies is still scarce. This discussion becomes even more important in periods of low economic growth [1, 7] . Among the major socio-economic benefits are technological innovation and industrial development; distributed generation and universal access to energy; regional and local development, especially in rural areas; and job creation.
According to Laitner et al. [11] , assessments on the performance of climate and energy policies usually do not take into account the dynamics of technological innovation, and often associate reductions in energy consumption and GHG emissions with economic losses. Rather, innovation and diffusion of clean and efficient technologies can lead to net gains in the economy. Technological innovation should be seen beyond the immediate horizon, and should be encouraged by policies that reduce institutional and market barriers for new technologies. Frankhauser et al. [1] argue that technological innovation and the creation of new opportunities for investments and economic growth are both consequences of climate policies. Technological change and innovation, in the long term, increase the demand for labour and skills. The authors also emphasize the role of good policies aimed at motivating technological innovation. In this context, the pioneers in the development of clean technologies have the potential for regional leadership. The authors use the case of Germany, which today stands out as a leader in the export of clean technologies.
RET are capital intensive, and most of the investment is concentrated in the initial phase of the project -the cost of wind turbines and other equipment can account for about 75% of the total investment of a wind farm [12] . Thus, implementation of renewable energy projects tends to offer an opportunity for developing equipment industries for domestic consumption and even for export [1, 13, 14] .
In developing countries, energy consumption per capita is usually lower than in developed ones, since the former are undergoing development and expansion of goods and services production and consumption, as well as reducing inequalities in access to energy. The inclusion of renewable energy and energy efficient technologies early in the development process accelerates the efficient use of resources, called leapfrogging, enabling development processes with lower environmental impacts [15] . The adoption of renewable energy development projects can meet the development goals without going through the intensity of fossil fuel consumption that marked the growth in developed countries [16] .
The convergence between the fields of energy planning and economic development is present in various energy policies, such as the American Recovery and Reinvestment Act of 2009, an economic investment program in the US, in which investments of $50 billion targeted both innovative energy technologies and job creation. Such convergence is known as energy-based economic development, whose main goals are to increase self-sufficiency and energy diversification, contributing to economic and industrial growth and development; to increase entrepreneurship and encourage technological innovation; and to increase the level of employment and training [17] .
The increased self-sufficiency and energy diversification, at the sub-national level, expands regional competitiveness and offers potential for the creation and retention of jobs, especially when the focus is on renewable energy. Economic growth refers to the creation or expansion of economic activity, which leads to increased employment, income, GDP, local supply of goods and services, and tax collection. Economic development adds focus to the qualitative aspects of quantitative economic growth, such as the diversification of the regional economy, workforce training, and improving education and quality of life.
All these aspects depend on the availability of skilled workers. The increased capacity should allow workers to reach the required skills to meet the necessary job requirements for the implementation of new technologies. RET companies and governments should ally to identify the short and long terms demands for skilled work at regional level and expand training courses, thus supporting local job opportunities in RET. This requires cooperation between the public and private planning of education and business. The presence of renewable energy projects in rural areas, especially those characterized by low economic development, can bring benefits to the community. High unemployment rates, lack of alternative economic development, and high rates of migration of economically active population, offer a worthwhile environment for investment in RET.
Compared to traditional power plants, renewable energy units are often smaller, modular and decentralized and, therefore, they are often located in rural areas with low population density. Due to this feature, the construction of these plants demands high amounts of labour, and creates the potential for training and employment of rural populations in several locations [18] . Besides generating temporary jobs in construction, there are fewer but long lasting job opportunities in the operation and maintenance (O&M) of power plants. The deployment of renewable energy projects offers an alternative or complement to agricultural activities, and contributes to rural development [12] . Even though the number of jobs created in one location is not significant for the country, it might be regionally meaningful [19] . A study by Bergmann et al. [13] in Scotland showed that the rural population awareness regarding RET social benefits has increased, and is significantly higher than that from urban population.
Another important aspect is land leasing by wind farms. Because wind turbines occupy only a small fraction of the area, the revenue from land renting can be invested in other productive activities in the property [12, 20] . Besides the landowners and the workers in construction and O&M, other stakeholders benefit from renewable energy projects. During the construction stage there is an increase in demand of goods and services, such as lodging and meals, due to the crew involved in the work. Suppliers of goods and services within communities can benefit from the project's installation, which increases total income of the community and creates temporary job opportunities. Depending on the project, other compensations such as school reforms and public infrastructure improvements also take place [12] .
A summary of regional and local development benefits brought by investment in renewable energy sources is illustrated in Figure 1 .
Despite the potential to bring numerous benefits to the local and regional development, the incentive to renewable energy should not be considered as a development policy, but if applied in conjunction with other social policies, it can contribute to the local development of these communities [19] .
Job creation is a key issue for the evaluation of economic development in a region. A concept that has been gaining ground in discussions of social and economic benefits in a low carbon economy is that of green jobs. According to UNEP [3] , green jobs are those that contribute to preserving or restoring environmental quality. These jobs are located in diverse industries and include jobs in energy efficiency, clean technologies, efficient use of natural resources, and activities in low-GHG emissions.
A discussion of job creation in RET, which gained momentum in the early 2000s, began due to uncertainties about the effectiveness of public policies for renewable energy and its effects on the economy, especially those based on heavy governmental subsidies.
In addition to quantifying jobs and socio-economic impacts either locally or nation-wide, training and technological bottlenecks faced by the renewable energy sector also deserve attention. Studies with companies in the wind sector in the European Union have identified a lack of qualified professionals, especially for positions that require a higher training level [8, 9] . [12, 17, 20, 21] Jobs generated by wind power and other RET can be grouped into three categories according to their location, temporal nature, and level of expertise. The first category refers to jobs generated in technological development, and includes R&D and equipment manufacturing. The second category refers to jobs in installation and decommissioning of plants, and comprises planning, project management, transportation and power plant construction and decommissioning. The third category is operation and maintenance (O&M), and includes, besides the actual O&M of the plant, energy distribution and commercialization. The characteristics are summarized in Table 1 . Two approaches might be explored to improve the creation and maintenance of local jobs. The first one is bringing innovation and technological development to the regional level, which creates highly qualified stable jobs. The second one is investing in capacity building, increasing the number of local workers in installation and decommissioning and decreasing the amount of workers brought from elsewhere. Employees' training is a key issue for renewable energy development [21] .
At the same time, because most of the local jobs generated by wind power is temporary, i.e., during the installation of the project, policies aiming to maintain the stream of new projects each year should be considered.
WIND ENERGY IN BRAZIL
Brazil was the pioneer Latin American country to install a wind turbine in the early 1990s. However, over the next ten years, little progress was made in the consolidation of wind energy as an alternative power generation technology, mainly due to the high cost of the technology, associated with the lack of incentive policies. In 2001 was published the Atlas of the Brazilian Wind Potential, which estimated the technical available capacity in the country as 143 GW [22] . According to the inventory, the main areas for harnessing wind energy resources are the Northeast, Southeast and South, which together account for about 90% of all Brazilian wind power potential.
The electricity mix in Brazil is one with the greatest share of renewable sources in the world. Early in the second quarter of 2012, the capacity of power generation from renewable sources accounted for 79.3%, and the share of hydropower was greater than 70%. In 2011 hydroelectric plants accounted for more than 90% of the electricity generation in the country. In addition, most of the electricity imported by Brazil also comes from hydropower. Thus, incentives for renewable energy in Brazil aim to diversify the energy matrix and maintain the dominant share of RET, providing energy security, decreasing environmental impacts of large hydro expansion, encouraging the development of new industries, and creating jobs. Nevertheless, because of recent climate conditions compromising operation of hydropower plants and estimates of growing electricity demand, the Brazilian government has been discussing the addition of higher levels of fossil fuels power plants to ensure the energy supply.
Besides the great untapped wind potential in the country and its location often in areas of low population density, wind power has another advantage for the Brazilian grid. Electricity generation in hydroelectric plants is subject to seasonal hydrologic regimes. Although wind generation is also seasonal, it is complementary to hydropower [23, 24] . Thus, the inclusion of large amounts of wind power in predominantly hydroelectric systems can result in accumulation of energy in the reservoirs, optimizing their use and increasing energy reliability and mitigating drought impacts [25] .
After an energy shortage period between 2001 and 2002 due to low reservoir levels, the inclusion of wind power in the energy planning scope became more evident. The Incentive Program for Alternative Sources of Electric Energy (PROINFA), launched in 2004, sought the inclusion of wind energy, biomass and small hydroelectric plants (SHP) in the Brazilian matrix. With the installation of new plants, the Ministry of Mines and Energy (MME) was targeting also non-energy goals, such as leveraging the domestic equipment industry, generating jobs, and reducing GHG emissions [26] .
The results of the program were noticeable and enabled the consolidation of wind power as an energy alternative in Brazil. PROINFA paved the way for the establishment of the wind turbines industry in the country. Although initially the requirement of a 60% national share in the equipment installed led to the delay of several projects, it encouraged the emergence of a supply chain for wind turbines in the country.
PROINFA was the main engine to drive the development of the wind market in Brazil. As the first effective public policy targeting the sector, it provided an environment with minimal risk to the investment in a technology yet uncommon in the country. The program showed that wind energy is technically feasible, and served as learning experience for the various activities related to this sector. The availability of long-term energy sale contracts with the public utility Eletrobras at a rate that reflects the capital costs, the Brazilian Bank of Development (BNDES) special financing terms up to 80% of the project's investment cost, and the generation flexibility, resulted in an attractive environment for investors.
Although PROINFA enclosed other energy sources, SHP and biomass were already common to the electricity market several years before the program. Nevertheless, the policy was decisive for the emergence of wind power. Due to the new environment and little knowledge, there were natural barriers such as the lack of skilled labour, lack of experience from project developers and from environmental licensing agencies, technical problems, shortage of domestic equipment to fulfil the domestic content requirements, and high costs. Another obstacle that PROINFA faced was the difficulty in obtaining funding from retail investors due to bureaucracy and collateral requirements, which many entrepreneurs could not deal with [27, 28] .
The input of wind energy in the regulated market from 2009, as part of the policy of diversification of the energy matrix and purchase priority for renewable sources, resulted in a new milestone for the integration of this technology in the Brazilian electric sector. Since then, wind power projects accounted for 50% of the generation capacity of electricity contracted 1 , with energy prices increasingly competitive, approaching the average value of conventional power plants.
With the beginning of operation of the negotiated projects in the regulated market, installed capacity of wind power will reach 8.1 GW in 2016, which corresponds to 5.5% of the total. The completion of the first wind power auction and the continued participation of wind energy in annual power negotiating bids stimulated the arrival of new international companies and the opening of new turbine factories in Brazil. Until 2007 there was only one manufacturer of wind turbines with factories in operation in Brazil. At the end of 2011, that number had risen to five, and it is expected that by the end of 2013 it will reach eight, accounting for factories in construction and agreements between companies and governments. Besides these factories, the number of component manufacturing plants (blades and towers) is increasing. The number of companies providing services and consulting increases as well.
The increasing number of large companies manufacturing wind turbines denotes the attractiveness of this market. In November 2011 the North American consulting company Ernst & Young has published an index of RET attractiveness in many countries. In this report, Brazil was the 10th most attractive country for investments in renewable energy and the 9th most attractive market for investment in wind energy [29] . In fact, after the financial crisis of 2008-2009, which compromised traditional markets in Europe and North America, international companies are starting to turn to markets on the rise such as Brazil. The negotiation of increasing wind power capacities in auctions has justified the installation and expansion of equipment factories in the country, which not only target the domestic market but also wind turbines exports to the promising Latin American market.
The rapid development of the Brazilian wind industry and the opening of new businesses and factories in the country justify the assessment of social and economic effects that wind energy growth will bring to the economy.
METHODS
Employment assessment has targeted jobs created in activities directly related to wind power production. We quantified employment in wind turbine manufacturing, wind farm construction, and O&M. All jobs are quantified in jobs-year 2 . Employment data were obtained through interviews with companies from the different activities. We interviewed 20 representatives of companies that act throughout the whole life cycle of a wind power project: manufacturing of major components (nacelle, blades and towers), transport of equipment, construction and installation, O&M, project planning and management, environmental agencies, and industry associations. We also collected onsite data for 6 wind farms in operation and 4 in different stages of construction.
We calculated the amount of jobs occupied in the activities with the following assumptions:
o For manufacturing activities, we divided the total employment at annual full production capacity 3 by the maximum amount of product, in MW; o For construction activities, we normalized the amount of workers in construction and installation for a period of one year. The average construction period was found to be 18 months.
Year
o For O&M activities we considered an average of workers per MW installed based on operating wind power plants. It involves not only the workers strictly responsible for O&M, but also the ones responsible for the maintenance of the facilities, such as security guards, cookers, cleaners, and drivers 4 .
Employment rates calculated per MW were assumed to be static. Thus, employment rates for the future wind power deployment were considered to be equivalent to the figures obtained from the interviews. That is, technology's evolution was ignored. Nevertheless, the approach differs from previous ones because instead of using the annual installed capacity as a reference for measuring job creation [6, [8] [9] [10] 30] , production capacity was adopted, i.e., potential for job creation, considering wind turbines domestically produced. This approach also allows building imports and exports scenarios and, thus, analyse the effects of wind power development on employment in the domestic industry.
The potential for job creation from 2012 to 2016 was modelled, accounting for wind power projects already contracted. Together, these projects will account to 6.7 GW of new power plants, summing up to 8.1 GW operating in 2016.
RESULTS
The quantification of direct jobs in wind power was performed with a different approach than the ones in the literature. For this calculation, information was sought among the companies interviewed about their production capacity and generated jobs. Indexes consisted of created jobs for average production capacity 5 of equipment manufacturing activities, wind farm construction, and plants O&M. All indexes reflect potential job creation with 100% nationalization of major components. The construction of indexes disaggregated by activity and product allows for the assessment of impacts of imported equipment on domestic jobs. In these conditions, jobs would sum 11.7 jobs-year/MW installed, as illustrated in Figure 2 . Table 2 shows a comparison between this calculated index and others found in previous works. We assumed for simplification that the increase of capacity in a year would create, in the same year, the related jobs in manufacturing, construction and O&M. Although usually jobs in manufacturing and construction are created one to two years prior the operation of the project, this difference was ignored in the analysis. For the first year of the project then, the manufacturing stage would account for 30% of total employment generation, while construction would sum up to 65%, and O&M, only 5% of the jobs created. However, while employment in manufacturing and construction stages would only occur during the first year of the project, jobs created in O&M will persist for the whole lifetime of the projects, usually for 20 years 6 . 
Includes construction; (2) Does not include manufacturing;
Only construction
When looking at jobs created at the end of the analysed period, the importance of O&M escalates. Between 2012 and 2016, wind power can create almost 90,000 jobs-year in manufacturing, construction and O&M. Looking at the cumulative jobs at the end of the time period, manufacturing and construction decrease participation to 26% and 58%, respectively, while O&M participation in overall cumulative employment, in jobs-year, increases to 16%. Results are shown in figure 3 . 
DISCUSSION
Wind power can generate thousands of new jobs in Brazil. Most direct jobs are generated in construction of wind farms, as opposed to previous results found in studies on employment in the wind power sector in Europe, in which manufacturing corresponds to the bulk of new employment [7] [8] [9] [10] . That happens because previous studies have failed to separate manufacturing for exports from those that occur for domestic projects. Also, labour intensity in Brazil is higher than in previous assessed countries.
Over a half of the total jobs are found in the construction stage, showing the potential to create local jobs, bringing social and economic development to communities located near the installation site. Because wind power is less concentrated than traditional power plants, wind farm construction may have a positive impact on several communities. That is even more important when it is seen that most of the wind power potential in Brazil is located in rural areas, usually with low economic activity and scarce opportunities of economic development.
In addition to onsite direct jobs, there are other benefits perceived by local population and entrepreneurs. More visible is the benefit to owners of the land in which the wind farm is installed. Unlike many other energy sources, the owners, in general, are not displaced from their land, but instead sign rental agreements with wind energy investors. The contracts begin to count from the anemometers installation, which can last up to three years until the commissioning of the project. During this period, the owners receive a monthly or yearly rent for the land, and may carry on their economic activities. As wind farms are often located in rural areas, these activities are usually farming and/or livestock. Obtaining extra income allows investment in improvements in production and facilitates access to loans. During the construction stage, due to movement of machinery and civil works, much of the area occupied by the wind farm undermines the continuity of economic activities. However, after the construction period, which usually lasts up to 18 months, most areas can be re-occupied with the previous activities. Common activities in wind farms in operation in the Northeast and South of Brazil include livestock, commercial production of pine trees, fish and shrimp farming, rice, and coconuts production.
During the construction phase other benefits besides direct employment for the actual site development arise. Due to the increasing volume of on-site workers, local residents are benefited by the consumption of local goods and services, especially food and lodging. The benefits are even greater when the plant is located in areas of low economic development. This is the case of wind farms that are being installed in the interior of Rio Grande do Norte State, in the Northeast, in the municipalities of Parazinho and João Câmara. Together, these two regions concentrate 45 wind farms with an installed capacity of 1.25 GW.
The construction stage demands large amounts of water due to the high consumption of concrete. In semi-arid regions, such as the interior of the Northeast, the wells opened for construction purposes can be left for residential water supply. This is the case of the Morro dos Ventos wind farm in João Câmara municipality, where the wells drilled by the company will be managed by the local government. Best practices in project management like this are innovative in terms of the relation between investors and the community, and are gaining more and more concurrence between entrepreneurs, becoming an activity with potential for local development.
CONCLUSION
Benefits of investments in renewable energy and climate change mitigation go beyond the reduction of GHG emissions. Ancillary benefits include technology transfer, reduction of emissions of other pollutants and job creation, often called green jobs. It is known that job creation reflects on social, economic, and environmental aspects. Therefore, it can be an indicator of the social performance of energy projects.
Wind power has experienced expressive growth over the past few years, and contracted wind projects will increase Brazilian installed capacity from 1.4 GW, at the end of 2011, to 8.1 GW in 2016. The present article evaluated the consequences of this rapid growth on employment in Brazil. Jobs were quantified in manufacturing, installation and operation activities, observing national characteristics and national manufacture of major components.
Results from the study show that the estimated wind power growth will generate over 80,000 jobs-year. At the end, 58% and 16%will be created in the construction and O&M stages respectively, which have high level of local employment, bringing social and economic benefits to the installation sites.
It is important to highlight that employment on manufacturing quantified in this study are only valid if major components are produced in Brazil. However, the reduction of wind power prices achieved in competitive auctions may lead to the use of imported materials, as domestic industry is still gaining momentum. To achieve the benefits of job creation, the national industry must be strengthened and there must be incentives for the consumption of national inputs, as well as incentives for RET.
